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UNDERSTORY RESPONSE TO TREE HARVESTING OF SINGLELEAF PINYON

AND UTAH JUNIPER
Richard L. Everett' and Steven H. Sharrow-

Abstract— Fifteen widely separated sites within tlie pinyon-juniper woodlands of the Great Basin were cleared of
Understory response was recorded for 2 to 4 years. The array of postharvest plant assemblages were classified
into one of four phytosociological groups using discriminant analysis. Pre- and postharvest plant assemblages from
the same site appeared in the same phytosociological group, which indicates postharvest response could be predicted
from the preharvest plant assemblage. Initial postharvest response appears cyclic in nature, and cycles are controlled
bv both residual plants and the rapid immigration of shrub species. Perennial plant density generally declined following tree harvest, but the fewer remaining plants produced significantly more cover than in preharvest stands.
trees.

Wood

Dryness 1973, Arnold 1964). Grass and shrub
production increases following tree harvesting in the Southwest if these plants are numerous and capable of capturing released resources (Clary 1974, Arnold and Schroeder
1955). But floristically impoverished sites
with low site potential for understory production can remain static for several years
following tree removal (O'Rourke and Ogden

woodand color-

harvesting in pinyon-juniper

lands of the Great Basin has a long
ful history. In

the late 1800s, the harvesting

of trees for charcoal

used in the smelting of

ore and as heating fuel had decimated tree
populations for an 80-km radius around many

An estimated 1600 to 2000 ha
woodland were cleared annually to fuel
this burgeoning mining industry (Young and
Budy 1979). Concurrently, livestock numbers,
including the nmnerous draft animals used in
wood harvesting, were increasing and indiscriminant burning of woodlands was common (Tausch et al. 1981, J. A. Young, pers.

mining camps.
of

1969).

Our study

et al. 1981,

West

tree harvest. If mid-to-late successional un-

derstory plants or their immigrating seeds are
available to the

fossil

fuel

in the central

the woodland and may not be viable
upper or lower ecotones.

I'SDA Forest

at either

Methods
In 1977, 1978, and 1979 study sites were
established in 15 singleleaf pinyon-Utah juniper stands across the Nevada portion of the

Understory response to tree harvest is
closely linked to the type and number of residual plants (MacMahon 1980, Clary 1974;
Station.

core of the woodland also trun-

cates midsuccessional shrub dominance. This
hypothesis is limited to the midelevation of

source and increasing the forage base.

Range Experiment

they control the characand negate early

successional stages. Rapid reinvasion of trees

1983).

costs

woodlands. With appropriate management
based on a knowledge of probable understory
response, wood harvesting could provide a
cost effective means of utilizing the wood re-

'Interniountain Forest and

site,

ter of postharvest response

have recently increased the demand for cord wood (Meeuwig
and Cooper 1981). Thus, widespread tree
harvesting is once again a major use of these
Rising

hypothesis that post-

{Juniperus osteosperma) woodlands of the
Great Basin is "site specific cyclic." We hypothesize that a linear replacement series of
plant forms does not often occur following

comm.). These perturbations left an array of
depleted disclimax understory communities
(Tueller 1973) upon which the current woodlands would become established. Trees reestablished rapidly in the Great Basin (currently 7.1 million ha, Tueller et al. 1979), and
understory cover and productivity was re-

duced (Tausch

tests the

harvest response in fully stocked singleleaf
pinyon {Piniis monophyUa)-lJ tah juniper
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harvest were fully stocked with trees and had
minimal imderstory. Plots (0.1 ha) were selected for site uniformity in microtopography
and understory composition. Trees greater
than 1 m in height were hand cut, sectioned,
and removed from the plots with minimal

distrubance to the

A

soil surface.

series of five parallel transects

to

5-m

20

m

in

perennial forb, annual grass, and an-

grass,

nual forb. Postharvest data were run using
the preharvest groupings to test if postharvest plant assemblages could be predicted
from preharvest data.
Pre- and postharvest data sets from the
same site are not independent. Thus, data
was compared by t-tests of differences. Multi-

intervals parallel

variate

one another across the slope. Tree cover

(Timm

length were laid out on

was estimated using

line intercept (Canfield

1941) along each transect.

A

series of

frames
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matched

pair

lated parameter pairs,

woody and herbaceous

and evenness in cover distribution, and
perennial plant density and perennial plant
aggregation. The test statistic used was Hoter

story species, tree cover (%),

ters that varied together (P

pect,

and year of harvest are given

for

each

Table 1.
Discriminant analysis was used to group

site in

and postharvest plant assemblages (30 total) based on nine phytosociological parameters. Phytosociological pathe array of pre-

rameters used were areal species richness,
"evenness" in cover among plant forms (Brillouin's [H] measure of diversity divided by

maximum

diversity in distribution of cover

= H/H

Poole 1974), aggre[J
gation of perennial plants (Morisita's Index of
Aggregation Poole 1974), total plant cover,
and proportion of cover by shrub, perennial
possible

max]

:

Table

1.

List of

studv

sites,

:

differences

cover, annual and perennial cover, total cov-

(50 X 50 cm) were laid down at every meter
mark, and plant species cover and density
were recorded. Understory response on the
harvested sites and on adjacent uncut areas
were monitored for 2 to 4 years following
tree removal. Predominant preharvest under-

elevation, as-

of

t-tests

1975) were conducted for closely re-

teling's

A

t

at the 0.05 significance level.

correlation matrix of the phytosociolo-

gical variables

was used

to identify

=

parame-

0.05) in pre-

and postharvest plant assemblages. Proportion of species common to pre- and postharvest plots were included with those variables already mentioned.

Results and Discussion

Lack of climatic effects on plant
RESPONSE TO TREE HARVEST.— Precipitation
during the final year of postharvest measurement was less than occurred during the year
of preharvest measurement. Mean precipitation
est

from

to the

six official

15 study

weather stations closaveraged 28.5 cm

sites

dominant nnderstoiv, percent tree cover, elevation, aspect, and harvest year.
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(September to August) the year of preharvest
measurement and 21.1 cm the year of final
postharvest measurement. The initial preharvest plant cover (X = 2.71 dm^/m^) was
not significantly different (P = 0.1) from
plant cover on nonharvested plots (X = 2.57

dnf/m^) the

final

year of postharvest mea-

surements. Understory response to tree release was not confounded by precipitation

classified

by discriminant
shrub,

(2)

intermingled within the groups. The four
groups were significantly (P = 0.001) different from each other. Aside from plant form
dominance, groups differed significantly (P

=

0.001) in areal species richness, perennial

plant aggregation,

Plant response to tree harvest.— Semiarid pinyon-juniper woodlands are character-

total cover,

low

to

moderate

in species richness,

but this varies with site heterogeneity (Harner and Harper 1976). There was no increase
in areal species richness following tree harvest.

Preharvest plant assemblages averaged

14 species (± 4 SD), and postharvest plant
assemblages averaged 11 species (± 6 SD).

On

10 of 15 sites, species numbers were
lower after tree harvesting.
Tlie proportion of species common to preand postharvest plant assemblages averaged
57% (± 21 SD) among sites. The proportion
was lowest on the more depauperate sites (1,
3, and 15) and highest when preharvest cover
was more evenly divided among several plant
forms (sites 8, 9,' 10, 11, and 14).

Discriminant
analysis
of
plant
RESPONSE.— The array of pre- and postharvest plant assemblages (30 total) were
Table

2.

Differences

analysis into (1) an-

(3)

Pre- and postharvest plant assemblages were

levels following tree harvest.

istically

1

perennial grass, and
perennial forb phytosociological groups.

nual forb,
(4)
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perennial

and "evenness"

among

plant density,
in the distribu-

plant forms. Figures

2A

and B separate pre- and postharvest plant

as-

tion of cover

semblages for ease of interpretation.

The

first

discriminant function

(axis) ordi-

nated plant assemblages along a gradient of
increasing perennial grass cover and evenness
in distribution of cover among plant forms.
The second discriminant function (axis) ordinated plant assemblages along a gradient of
increasing species richness, shrub cover, and
perennial forb cover.

The

third discriminant

emphasized increasing total
cover, species richness, and cover of annual
forbs. These discriminant functions explained
function

80%

(axis)

of the variance in the data.

Postharvest response was not unidirection-

change. Vectors
and postharvest plant assemblages varied in length and direction (Fig.
IC). Annuals invaded shmb sites, shrubs inal

in

phytosociological

drawn from

pre-
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vaded annual
present were

and plant forms already
favored by tree

sites,

differentially
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assemblages are found in the same phytosociological groups. This supports the hypothsuccession

was dominated by

intragrouping shifts.
in postharvest groups was
similar to preharvest groups, indicating potential predictability of postharvest response.

esis that early

Discriminant analysis was nni again using the
postharvest plant assemblages grouped ac-

plete successional replacement series of plant
forms from annuals to grasses to shrubs to
trees (Eardman 1970) could not often occur.
This was most apparent where (1) mid-to-late
understory successional species immediately

release, causing
Site

membership

cording to the preharvest plant assemblages.
We foimd 80% of the postharvest vegetation
transects

were placed in the correct preThus opportunities exist for a

harvest group.

species on site at

the time of disturbance

floristics": Egler 1954). Postharvest
response was "site specific cyclic." The com-

("initial

qualitative prediction of postharvest response

predominate the postharvest sites, or (2)
where invading trees truncate shrub domi-

from the preharvest plant assemblage.

nant midsuccessional stages. In the

In only three

instances

were postharvest
groups different

shrubs or grasses rapidly

first

case,

became dominant

assemblages classified in
from their associated preharvest plant assem-

following tree removal and precluded earlier

blage (Fig. 2C). In two of these instances the
difference could be traced to allogenic fac-

the second case, perennial grasses or forbs

tors. Site

4 in the annual forb group was

in-

vaded and rapidly dominated by mountain
big sagebmsh {Arteinisia tridenfata ssp. va-

shrub group. Site 7
in the perennial grass group was subjected to
severe grazing pressure, shifting the plant assemblage to the annual forb group. Site 9 was

seijana), shifting

shifted

it

to the

from the annual forb group to the

perennial grass group by the rapid response
of on-site perennial grasses.

of

Interpretation

discriminant

RESULTS.— Most pre- and postharvest plant

Table

2.

Continued.

Pair 3

Woodv
(dm-/m'-)

successional stages (sites

were dominant

in

1, 2, 3, 4,

and

8).

In

both pre- and postharvest

understory. This demonstrates the incomplete

replacement of herbaceous species by shrubs.
We speculate the replacement of grasses and

by shrubs is truncated by increasing
competition between tree and shrub species
(sites 5, 6, 9, 10, 11, 12, 13, and 14). Underforbs

story response on the annual forb site

(site 15)

anomaly to the "cyclic response" hypothesis. The lack of on-site perennial species
is

the

provides increased opportunities for estab-

Hshment of invading

species.
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resulting

in

understory aggregation in

the

interspace.

Perennial plant density was low in pre-and
X = 11.45

postharvest plant assemblages:

plants/m^ vs. X = 11.31 plants/m^, respectively. Perennial plants increased on sites initially dominated by annuals (sites 3, 4, and
15)

and perennial forbs

(site

14),

and on a

decreased on all
others. Physical damage during tree harvesting, altered microclimate following tree harvest, and postharvest grazing effects (sites 5,
6, and 7) probably contributed to this loss of
single grass site (site 13), but

perennial plants.

Correlation

matrix

of

phyto-

111

and the shrub-annual forb cover. On sites
subject to immigrating shrubs or annual
forbs, a sharp change in species composition
occurred but species numbers remained less
than in grass or forb dominated understory.
Diversity

of

(aggregation)

creased

understory increased spatially
on shrub sites. Diversity in-

floristically

(species

richness)

and

structurally (evenness) on grass sites.

Conclusions
Postharvest response was cyclic and could
be predicted from preharvest plant assem-

blages barring outside

perturbations.

Post-

sociOLOGiCAL PARAMETERS.— As perennial
grass and forb cover increased, so did species
richness, evenness in cover distribution, and

harvest response was best explained by Eg-

perennial plant density (Table 3). High shrub
cover was associated with high plant aggre-

cies

gation,

low evenness, and low grass cover.

The proportion

of species

common

to pre-

and postharvest plant assemblages was

in-

versely related to total cover, aggregation.

Table

3.

ler's

(1954) "Initial Floristics" model where
and rapidly immigrating spe-

residual plants

dominate response. Predictability of

postharvest response with

its

of preharvest species (57%)
this hypothesis.

is

high proportion
consistent with

Predictability of response

is

increased under this system. Unfortunately,
some plant forms may be excluded from the

Correlation matrix of phytosociological parameters.

Preharvest
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postharvest plant assemblage.
vesting

is

done

When

tree har-

Erdman,

was reduced following
on 10 out of 15 sites as suggested
by Loucks (1970) for more mesic forests. Understory diversity increased spatially on
shrub sites (aggregation) and increased floristically (species richness) and structurally
(evenness) on grass sites.
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